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emerge. Developing paradigms and software to facilitate efficient component manufacture has the ultimate goal of producing high quality materials that are free from damaging flaws, residual stresses, and microstructural abnormalities.
IPM is a powerful processing concept that promises to integrate fully process knowledge, models, sensors, and control technology. The successful IPM control system will use an Al-based controller to establish processing plans and coordinate operation of a conventional dynamic control system in order to provide consistent and logical processing plans and decision making throughout the cycles of materials development and production implementation.
Development of such intelligent control relies on advances in understanding of materials processing, Al-based planning, and control technology. Determination of materials' microstructures, residual stress states, and processing pathways and identification of related reasoning strategies are all within the province of materials scientists and process engineers. These factors need to be reduced to a coherent generic format before an intelligent control design can be developed and the necessary software implemented.
Sensors
A critical part of IPM systems is sensors that provide highly detailed macroscopic information on dimensionality, position in space, shape, velocity and acceleration, global and local temperature, and compositional distribution, as well as on any number of other physical, chemical, electrical, optical, and magnetic properties. One multisensor approach using large, reliable, reproducible data bases mimics human operators to provide guideposts for integrating interrelated factors. For example, multiple sensors might provide information on forces, temperatures, and acoustic emission responses that can be processed in one or more ways (e.g., neural networks or parallel processors, least square regression fits to operating algorithms, or data handling by group methods), each intended to predict heuristically the value of a dependent variable from sets of independent variables.
Examples can be given of the role of sensors in the intelligent processing of AEMs. Piezoelectric transducers currently are used to pulse, receive, and process three independent, ultrasonic velocity components to provide in-process evaluation of the fiber-volume fraction, void content, degree of cure, and residual stresses of pultruded composites of fiber strands in a polymeric resin. When all bath control parameters and their interdependencies are fully established, quality improvement presumably will follow. Similarly,